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APPLICATION  o?  CIRCULATION  CONTROL  TO  AH  AIRPLANE  0?  KI LI TART  I1AIS0M  TIPS 

Thia  report  covers  the  period  from  2 November  1952  to  1 January  1953. 
CESSNA  MODEL  309-3091  - CONTRACT  MO.  23h(X) 

Aiudyt.li 

Kx— 1 nation  of  date  obtained  during  the  flight  teat  of  the  airplane  with 
AirR* search  Turbine  as  an  injector  pump  for  the  BIO  system  revealed  an  error 
in  the  computation  of  Cq^  and  Cq^.  This  explain!  the  poor  performance  of  the 
Cessna  installation  as  compared  with  German  and  French  teste  (which  was  pre- 
viously attributed  to  low  efficiency  of  the  pueplng  system)  and  throw*  a dif- 
ferent light  on  the  performance  of  the  Alx-Research  Turbin*.  Result*  of  this 
study  will  be  presented  in  the  Report  #1309-6 1 "Evaluation  of  Performance 
and  Efficiency  of  the  AirRssearch  Gas  Turbine  as  an  Injector  Pump  for  the 
BLC  System" . 

Meanwhile  the  corrected  curves  of  Cq  ve  and  true  air  speed  are  at- 
tached to  this  report  and  will  be  distributed  to  be  Inserted  as  page  16  of 
the  report  1309-3. 

Pumping  performance  of  the  axial  fan  system  in  flight  has  been  evaluated 
and  flow  coefficients,  horsepower  input  and  output,  and  duct  efficiency  de- 
termined. Results  and  conclusions  not  already  reported  are  as  follows i 
1.  As  airplane  speed  increases  flow  quantity  is  reduced,  and  Cq  fall* 
off  more  rapidly  than  normally  would  be  expected.  Ibis  is  caused  by 
inability  of  the  fans,  presently  installed,  to  operate  at  the  seas 
output,  but  against  greater  pressure  losses.  These  losses  increase 
with  speed  because  the  air  entering  the  suction  slot  must  be  accele- 
rated frosi  rest  to  the  velocity  of  the  airplane. 
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2.  Flow  quantities  also  show  an  abrupt  drop  in  the  region  of  fan  surge 
(blade  3tall) . This  occurs  in  both  forward  and  aft  ducts,  but  at 
lower  indicated  airspeeds  in  the  forward  duct*  Losses  in  the  forward 
duct  were  greater  initially  (static  conditions)  which  acoounts  for 
the  earlier  surge  in  that  duct.  The  effect  of  fan  surge  is  to  re- 
duce BLC  aye  tan  output,  tut  requires  approximately  the  same  power 
input. 

3.  Airplane  to  war  reduces  the  Cq  required  to  maintain  a constant 

(r!ue  to  slip  stream  offset).  Thie  indicates  the  ACi  due  to 
power  is  greater  with  HLC  than  without.  Further  rt cults  and  con- 
clusions pertaining  to  the  BLC  perfoi'nance  with  axial  fan  3ysto& 
trill  be  preuented  in  report  1309-7:  "Analysis  of  boundary  Layer 

Control  Pumping  Performance  with  Electrically  Driven  Fane". 

Flight  Tests 

Tests  to  determine  the  reason  for  change  in  static  longitudinal  stab- 
ility caused  by  the  HI  C system  in  action  have  been  completed.  In  order  to 
measure  dovnvaah  angle  and  dynamic  pressure  at  the  tail,  Kollsman  angle  of 
attack  indicator  was  installed  on  the  leading  edge  of  the  stabiliser.  The 
results  will  be  presented  in  report  #1309-6*  "Static  Longitudinal  Stability 
of  the  Model  309A  with  Axiil  Fans  as  BLC  Pumping  System" , 

Ground  Tests 

Several  ecr. ti nations  of  load-acid  batteries  tfere  tostai  at  }0u  imp. 
current  discr.arce  to  obtain  voltage  drop  vs  time.  Results  of  teats  stow 
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promise  for  intermittent  servlet-  of  30  seconds  at  3 i&inute  intervals.  (fee 
eriph)  The  Installation  will  c-nsi-t  of  throe  ay  four  12  volt  aircraft 
batteries  of  6C-?C  ampere  Hour  rating  weigh! ng  ap proximate  ly  230-310  lbs. 
Reaiing  batteries  Goapany  agreed  to  te3t  several  cocbinations  of  batteries 
at  360  u~p0.  discharge  rate.  Meanwhile  they  will  send  as  four  T-36  aircraft 
battarlnc  to  r,*j  ./.stalled  on  the  airplane  for  flight  testing. 

A considerable  scattaring  of  point3  was  observed  in  the  process  of 
measuring  quantity  flow  of  iir  in  the  ducting  system..  It  was  suspected  that 
tnis  could  be  bur  to  e.vc*_ssiv«  t iryiler.ee  wr.ic::  v:as  causing  irregular  reading 
of  the  r.eno.aetor.  In  jrder  t verify  tuCs  a simple  be.iCn  test  was  performed 
to  study  th*-.  effect  of  flow  angularity  u;x>n  the  readings  of  total  pressure 
tubes.  Air  for  tin  te-t  was  blown  C-rtugh  a two  inch  straight  nozzlo  at  a 
constant  rate.  7r«e  total  pressure  tubes  were  mounted  one  at  a tine  six 
inches  from  the  nozzle  and  rotated  about  the  nose  as  sr.own  on  tno  sketch  of 
Figure  1.  The  rt- cults  indicate  that  ro’und  tubing  with  rounded  nose  is  least 
ir: ace;. table  to  anj-ular  flow. 

Design  and  Drafting 

A drawing  of  the  instaLl*f  if  n -f  Me  hyirrt'®r»  peroxide  injection  pump 
in  tue  309C  is  now  in  progress.  It  will  include  the  supply  tanks,  the  in- 
jector punp,  f Lr avail 0 and  fire  control  systui.. 

The  following  drvwi.ifS  were  releasodi 

id Jisy ~Ct>  - Rudder  bungee  ^yat«a 

-'■£  - Pr-  errure  ricb-Vo  Trcta'.laf.u:.  (?v>hd  3C?C) 

— — > — . .rjg  ;r uz*  • hatter/  Operated  fan  ^ystSD 
-63  - Wiring  li.gT  a - Con;«oun..  battery  and  bth-ratcr 

Operated  Fan  ^ystaa 
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Analysis 

In  order  to  establish  a specification  for  the  design  of  the  fan  and 
the  pusping  system  a study  was  initiated  to  determine  the  effect  of  wing 
loading,  coefficient  of  ground  friction  and  upon  take-off  distance. 

Ihe  results  will  determine  a for  the  optimum  take-off  characteristics . 

Than,  knowing  duct  losses  and  required  values  of  Cq,  a curve  of  Ap  across  the 
fan  vs  quantity  flow  will  be  established.  This,  along  with  limiting  physical 
dimensions  and  operating  conditions,  will  govsrn  the  design  of  a pumping  unit. 

Preliminary  analysis  of  take-off  distance  over  50  ft.  obstacle  indicated 
the  following i 

1.  Substantial  reduction  of  take-off  distance  at  the  eame  wing  loading 

occurs  with  increased  (due  to  BLC).  The  largest  performance 

gain  exists  for  take-off  on  a very  soft  turf  (or  sand)  with  Mailer 
gains  on  a hard  surface  runway. 

2.  Proportionally  larger  gains  can  bo  expected  with  increased  wing  loading 

at  the  sa«e  (neglecting  the  weight  of  BLC  system) . If  the  air- 

plane weight  is  increased,  to  take  account  of  BLC  apparatus,  mealier 
gains  would  exist.  A reasonable  estimation  of  weight  char gable  to 

BLC  awaits  the  results  of  a current  survey  of  auxiliary  power  unite 
as  wall  as  studies  of  electrical,  hydraulic,  and  other  systems. 

3.  Reduction  of  take-off  distance  for  values  of  greater  then  U.O 

was  found  to  be  small,  particularlly  for  low  wing  loading  and  hard 
surfaoed  runways. 
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It.  Power  attracted  from  the  engine  to  operate  a BLC  system  reduced  per- 
formance gain.  An  optimum  Ct (for  take-off  dietanoe)  of  approxi- 

mately b.O  was  found  for  all  runway  conditions  and  wing  loadings  in 
the  range  of  20  to  25.  ^or  wing  loadings  cf  15  to  20  the  optimum 
▼aluo  was  !*.5. 

5.  If  an  amount  of  power  equivalent  to  that  required  by  BLC  is  added, 
instead  of  eubtractf'd,  take-off  performance  still  runaina  inferior 
to  that  with  BT.C  up  to  wing  loadings  0/  20.  Tais  is  true  for 
(due  to  2LC)  up  to  U.S  ooyond  w.iich  power  required  for  BLC  becomes 
quite  large. 

These  conclusions  are  subject  to  verification  by  wind  tunnel  tests  of 
the  0.6- scale  model.  Further  results  and  conclusions  will  be  presented  at 
a later  date. 

Mock-Pp  of  Suction  Duct 

Model  315  suction  duct  bench  toots  perforaed  recently  by  the  University 
of  Wichita  indicate  that  total  pressurt  losses  In  the  "vortex*  type  suction 
duct  are  very  high  - exceeding  those  cf  the  ducts  now  Installed  in  the  Model 
309 A.  In  view  of  this  the  University  has  undertaken  at  their  own  expense, 
the  desi&i,  construction  (modification  of  prose nt  mock-up),  and  testing  of 
another  configuration  which  offers  possibility  of  improvement. 

Design  and  Drafting 

Since  the  Model  319  la  expected  to  be  flight  tested  over  a range  of 
wing  loadings  from  15  to  25  lb/sq.ft.,  it  was  necessary  to  increase  the 
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strer.gt.,  of  t airplane  ia  jevtral  critical  points.  Design  work  a the 
structural  details  of  tnu  win*  are  confirvdd  to  areas  forward  of  the  front 
spar.  T:d.o  is  due  to  the  fact  teat  the  final  duct  design  das  not  teen  con- 
fined o;.  be.  c.i  s..ti  v.nd  tu-uiol  tests  (sec  section  on  suction  duct  nock -up 
teots) . 

Th*i  folio /flat  dr^wF-.js  have  be-:n  reloasod: 

1231^-2  - Till  iitti  Modification 

-9  - Bulkhead  Contour  Sta.  21k-) 75  (loft) 

-10-  Main  Lurvii.’:(;  Gear  Installation 
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